T here has been much discussion about the role of viruses in the pathogenesis of myocarditis and dilated cardiomyopathy,1-4 although the latter entity is still by definition a condition of unknown etiology. 5 The coxsackievirus B group has been previously implicated by serological studies6'7; however, attempts to detect this virus in the myocardium by immunofluorescence or to culture it from myocardial tissue have been largely unsuccessful.8'9 The development of group-specific molecular hybridization probes,10"11 however, has allowed the identification of viral RNA sequences in myocardial tissue from patients with heart muscle disease.1" Another report demonstrated that enterovirus RNA was detectable in patients with the histological appearance of myocarditis (either active or healed) or dilated cardiomyopathy.12 Subsequent investigation revealed that enteroviral RNA can persist to end-stage disease. 13 In none of these studies was there evidence of enterovirus in the myocardium in a significant proportion of control patients.
We prospectively evaluated the role of enterovirus infection in the prognosis of patients with heart muscle disease over a 4-year period. In addition to routine clinical and histopathological assessment, multiple endomyocardial biopsy samples from all patients with suspected myocardial disease were evaluated for enterovirus infection by use of an enterovirus groupspecific cDNA hybridization probe.
Methods

Patients and Clinical Assessment
The patient population studied comprised 123 consecutive patients admitted to King's College Hospital between March 1985 and January 1989 for the investigation and treatment of heart muscle disease. A full history was obtained from all patients before investigation, and the following details were recorded: duration of symptoms before presentation, history of preceding viral illness, history of ethanol abuse (defined as >80 g alcohol daily for >5 years), history of chest pain or arrhythmias, and symptoms of cardiac failure. Routine ECGs, chest radiographs, echocardiograms, and Holter monitoring were performed on all patients. The presence of cardiomegaly on chest radiographs and any ECG abnormalities, including left bundle branch block and ventricular arrhythmias, were recorded. 22 The densitometric signals after autoradiography of blots hybridized with either the enterovirus probe or the control probe were expressed as a ratio (hybridization index) to control for differences between batches in (1) the concentration and specific activity of labeling of probes used in the hybridizations and (2) the autoradiography time for optimum densitometry. Similar analyses were performed concurrently on tissue from patients with myocardial disease of known origin (eg, coronary disease, specific heart muscle disease) as controls.
Approximately 30 endomyocardial biopsy samples and 15 control samples were analyzed in each batch. Biopsies were reported as positive for the presence of enteroviral RNA if the hybridization index exceeded the mean of the internal control group plus 3 SD (a statistical probability of a false-positive result of P<.002). At least three specimens were analyzed for enterovirus sequences from each patient. Because of the focal nature of the pathological findings, a patient was classified as enterovirus-positive if the hybridization index met the above criteria in any of their biopsy samples.
It was not considered ethical to do a biopsy of normal ventricles as controls during this study. Data to date, however, indicate that the detection of enterovirus RNA sequences in cardiac tissue from patients with diagnoses other than myocarditis or dilated cardiomyopathy is a rarity. 23 Follow-up 
Ethical Considerations
The protocol for the analysis of human endomyocardial samples for enterovirus was reviewed and approved by the ethical committee at King's College Hospital. All patients gave informed consent for all of the invasive studies performed.
Results
The mean age of the 123 patients studied was 44.9 years (range, 6 to 70 years); 94 patients were male and 29 female. Mean duration of symptoms before presentation was 14 months (range, 1 to 99 months), with the major symptoms on presentation being dyspnea (58%) and chest pain (20%). A history of preceding viral illness was obtained from only 16 patients, and 12 admitted to excessive alcohol consumption in the past. All were abstinent at the time of study and during the follow-up period. ECG evidence of cardiac arrhythmias was documented in 30 patients, and atrioventricular block was present in 5.
Histological examination of the endomyocardial biopsy samples showed that 3 patients had specific heart muscle disease (cardiac amyloidosis in all cases); they were excluded from further analysis. All were negative for the presence of enteroviral RNA. The histological diagnosis in the remaining 120 patients was acute myocarditis (7 patients), healing myocarditis (36 patients), and healed myocarditis/dilated cardiomyopathy (77 patients). These patients were divided into two groups on the basis of the presence or absence of enteroviral RNA sequences in endomyocardial biopsy specimens. Group A consisted of 41 patients (34%) in whom viral RNA was detectable in at least one biopsy specimen (EV positive), whereas no virus was detectable in any of the samples from the 79 patients (66%) in group B (EV negative). Results from a typical batch of 30 biopsy samples and 14 control samples showing the densitometric signals for the enterovirus probe, the 7B6 probe, and the respective hybridization indexes are given in Table 2 . The results are displayed graphically in Fig 1, demonstrating the cutoff point between positive and negative results. A sample slot blot is shown in Fig 2. The clinical variables of the two groups are shown in Table 3 . The only significant difference was in duration of preceding symptoms, which was shorter in group A (EV positive) than group B (7.8±9.6 versus 14.9±19.0 months, t= 1.98, P<.05). cases of heart muscle disease have a viral trigger at some Fig 2) . This is similar to the findings of Lohr and Oldstone,45 who showed that persisting cytomegalovirus infection of the pancreas in patients with type 2 diabetes mellitus downregulated the expression of 28S ribosomal RNA. It is interesting that in the present study also, the control probe was directed against a structural component of the ribosome. It is reasonable to speculate that enterovirus persistence within the myocardium causes modulation of the expression of the gene for 7B6, although the absolute hybridization signal with the enterovirus probe is increased.
Several studies that used the polymerase chain reaction (PCR) to detect enterovirus RNA in endomyocardial biopsy samples support our observations, although the frequency of detection was variable.46-48 We have subsequently used primers specific for the conserved enterovirus 5' nontranslated region to amplify, by nested PCR, sequences from a small number of analogous tissue samples. When positive by PCR, direct nucleotide sequencing showed that the amplified product has greatest homology to the 5' nontranslated region of coxsackievirus B (unpublished data).
The precise mechanism by which enterovirus infection affects prognosis, whether by altering myocardial function or by inducing arrhythmias, remains a matter for speculation. Recent preliminary evidence, however, indicates that enterovirus may persist in a defective, mutant form, which may account for the lack of inflammatory response seen in dilated cardiomyopathy.1349 This defective virus may affect prognosis by modulating cardiac gene expression, a process that has been shown to occur in the failing heart.50 Additionally, virus persistence may initiate a secondary, immune-mediated process that results in a deterioration in cardiac function.
